left ventricular dimensions in patients with CAD and those of normals during exercise. In the normal subjects, left ventricular endsystolic dimension (ESD) decreased without significant change in end-diastolic dimension (EDD) during exercise. On the other hand, both ESD and EDD increased during exercise in patients with CAD. Although echocardiographic analysis of left ventricular wall motion during exercise has some limitations, this study suggests that asynergy induced or exaggerated by ergometric exercise can be successfully detected by M-mode echocardiography. septal asynergy at rest was not detected echocardiographically in these patients. The obstruction of the LAD in these 2 cases (Cases 9, 16) was distal to the origin of the first septal branch. Of the 16 patients with CAD, severe asynergy of the septum and the posterior wall during exercise was seen in 4 (25%) and 6 (38%) cases, respectively. For example, a decrease in posterior wall amplitude was observed with a compensatory increase in septal amplitude in a patient with an old posterior wall infarction (Fig. 2) . Another example is shown in Fig. 3 . In this patient, a decrease in septal amplitude with a compensatory increase in posterior wall amplitude was revealed echocardiographically. On the other hand, mild asynergy of the septum and posterior wall was detected in 3 (19%) and 2 (13%) patients, respectively. An example of mild asynergy is shown in Fig. 4 . This patient had significant stenotic lesions in both the LAD and LCX. Septal and posterior wall amplitudes at rest were within normal limits. Although the heart rate increased from 65 at rest to 120 during exercise and significant ST depression was observed, both amplitudes were unchanged. As shown in Table II , asynergy at rest was demonstrated in only 3 (19%) cases, whereas exercise-induced asynergy was noted in 12 (75%) cases (Table II) . Of 12 patients in whom Vol.24 No.2 EXERCISE ECHOCARDIOGRAPHY 167 the end point of exercise was the occurrence of anginal pain, severe asynergy was detected in 7 cases. Of 4 patients in whom exercise was stopped due to the appearance of ischemic ECG changes without anginal pain, severe asynergy was induced in 2 cases. Correlation between the locations of exercise-induced asynergy on echocardiography and those of stenotic lesions on coronary angiography Of 9 cases with stenotic lesions of the LAD, severe and mild asynergy of the septum was seen in 4 (44%) and 2 (22%) cases, respectively (Table III) . Although mild septal asynergy was seen in 1 (14%) of 7 patients without LAD lesions, severe asynergy was not detected in these patients (Table III) . Of 11 cases with stenotic lesions of the LCX and/or RCA, severe and mild asynergy of the posterior wall was revealed in 6 (55%) and 2 (18%) cases, respectively (Table III) . Of 5 cases without LCX and RCA lesions, neither severe nor mild asynergy was detected (Table III) . Severe or mild asynergy of the septum was found in 6 of 9 cases with LAD lesions, giving a sensitivity of 67%. Normal septal wall motion was seen in 6 of 7 cases without LAD lesions, for a specificity of 86%. Severe or mild asynergy of the posterior wall was found in 8 out of 11 cases with LCX and/or RCA lesions, for a sensitivity of 73%. Normal posterior wall motion was found in 5 out of 5 cases with neither LCX nor RCA lesions, for a specificity of 100%. Of 9 cases with malities secondary to exercise-induced ischemia by analysis of regional wall thickening and thinning. Technical problems in exercise echocardiography Mason et al20) mentioned that amplitudes were not appropriate indices in exercise echocardiography because they were apt to be influenced by artifacts. In order to minimize the influence of respiration, only echograms obtained during expiration were analyzed both at rest and during exercise. Moreover, in order to minimize the influence of the patient's bodily movements during exercise, their shoulders were fixed to the bed. We attempted to exclude exercise induced artifacts in this manner. In spite of these careful procedures, the difficulty in recording high-quality echograms was the greatest limitation of this method, as Mason20) mentioned. For instance, we could not record good echograms both at rest and during exercise in patients with pulmonary emphysema and/or obesity. Therefore those patients in whom good-quality echograms could not be recorded were excluded from this study.
Analysis of LV wall motion at rest and during exercise by echocardiography Although there were 7 cases with old myocardial infarctions and 8 cases with complete obstruction of at least one coronary artery included in this study, left ventricular asynergy at rest was detected echocardiographically in only a few cases. The reasons why left ventricular asynergy at rest was seen in so few cases were as follows: first, the extent of the left ventricular wall which can be detected by M-mode echocardiography is limited and it is very difficult to obtain good-quality echograms of the anterolateral and apical regions where wall motion abnormalities are likely to occur in patients with CAD. That is, left ventricular wall motion abnormalities cannot be detected in cases with distal or peripheral lesions of the coronary arteries, even though the lesions are completely obstructive. The second, and most important reason, is that those cases with apparent akinetic or severely hypokinetic motion at rest were excluded from the study because the purpose of this study was to detect exercise-induced asynergy. Asynergy during exercise was defined as occurring when one or both of the two amplitudes was more than 2mm below the values at rest (severe) or unchanged in spite of sufficient exercise load (mild). Severe asynergy of the septum and the posterior wall was seen in only 25% and 38% of cases, respectively.
However, there were many cases in whom the septal and/or posterior wall amplitudes were unchanged during exercise. Even in some normal subjects, the septal and/or posterior wall amplitudes did not increase significantly during exercise probably due to insufficient exercise load. However, there were some cases in whom both the septal and posterior wall amplitudes were unchanged during exercise in spite of a sufficient increase of heart rate and appearance of significant ST depression on the ECG such as was shown in Fig. 5 . Therefore, cases where the left ventricular wall amplitudes were unchanged in spite of sufficient exercise load were regarded as exhibiting mild asynergy. Using these criteria, severe or mild asynergy of the septum and posterior wall during exercise was seen in 75% of cases.
Correlation between the location of exercise-induced asynergy demonstrated by echocardiography and that of stenotic lesions seen on coronary angiography
The location of exercise-induced asynergy demonstrated by echocardiography showed good correlation with that of stenotic lesions seen on coronary angiography. That is, septal asynergy during exercise was detected in 67% of patients with LAD lesions and posterior wall asynergy during exercise was detected in 73% of patients with LCX and/or RCA lesions. Thus, the specificity of exercise echocardiography was very high. As is the case in patients at rest, the extent of the LV wall which can be detected by M-mode echocardiography during exercise is limited. Futhermore, exercise-induced asynergy may not be observed in cases with distal or peripheral lesions of the LAD, although it may be noted in cases with proximal lesions.21),22) However, in our study exercise-induced asynergy was detected with a high frequency in those cases with only distal lesions of the LCX and/or RCA as well as those with proximal lesions. The reason why exercise-induced asynergy was noted in those cases with only distal lesions might have been that the stenotic lesions were multiple. Development of collateral circulation associated with the stenotic lesions also might influence the regional wall motion. It was thought that one of the advantages of exercise echocardiography was that exercise-induced asynergy could be detected in almost all patients with proximal lesions which might influence global LV function. Perfusion characteristics of the LV posterior wall were classified into 3 types, that is, LCX dominant, RCA dominant, and a balanced type. Exercise-induced asynergy in patients with stenotic lesions in dominant vessels and with stenotic lesions only in non-dominant vessels was detected in 88% and 33% of cases, respectively. Therefore, it was thought that the dominancy of coronary perfusion influenced the occurrence of exercise-induced asynergy in the LV posterior wall. Left ventricular dimensions at rest and during exercise In normal subjects, ESD was significantly decreased with unchanged EDD during exercise. This suggests that the principal cardiovascular response of normals to exercise is not only increased heart rate, but also enhanced cardiac contractility.23),24) More recently, Weiss et al25) reported that the Frank-Starling effect appeared to be reserved in normal subjects for augumenting cardiac performance during severe semisupine exertion. However, the Frank-Starling mechanism played a minor role during exercise in the normal subjects of this study, because their EDD did not increase significantly. It is well known that measurements of left ventricular end-systolic volume obtained from echocardiographic measurements are unreliable in patients with CAD. However, echocardiography can provide reliable measurements of left ventricular end-diastolic volume (EDV) in patients with CAD.26) Therefore, EDD is thought to be one of the relatively reliable indices of EDV. In patients with CAD, EDD increased significantly during exercise. This suggests that compensation by the Frank-Starling mechanism may be activated by exercise in patients with CAD, because cardiac contractility might be impaired by exercise-induced asynergy.27), 28) Clinical implications Though there are some limitations in the evaluation of left ventricular regional wall motion by exercise echocardiography, this method is simple, easily repeatable, and has high specificity for coronary artery lesions. Moreover, because it is possible to observe the dimensional changes of the left ventricle with this technique, exercise echocardiography is one of the useful methods of assessing left ventricular global function.
